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I. Introduction
This note summarizes the operational mode of the SPEAR3 Synchrotron Light Monitor (SLM) beam line [1, 2] and the associated ionizing radiation hazards and safety controls [3, 4]. 

II. SLM Mode of Operation

The SLM beam line is a visible/UV diagnostic beam line designed to measure transverse and longitudinal properties of the circulating electron beam [1, 2]. The beam line utilizes visible/UV radiation emission from the upstream dipole on Girder 4, just past the injection septum. The mode of beam line operation is such that it maintains an open-shutter status during both electron beam injection and electron beam delivery to the users. Hence, the system operates in a mode similar to ‘top-up’ injection.  To protect against mis-steered injection electron beam loss in the SLM beam line, we have installed a system of 3 permanent magnets with 3 well identified and shielded electron beam loss points.

Figure 1 shows a plan view of the in-alcove beam line components and shielding configuration. In order to intercept the synchrotron radiation (SR) x-ray core of the beam, an 8-mm-high GlidCop ‘cold finger’ protrudes horizontally into the SR beam 8.3 m from the source [1]. The UV and visible components of SR pass above and below the cold finger. The visible/UV beam(s) are then reflected from an in-alcove mirror (M0) to the out-of-alcove laboratory. 

Once out of alcove (see Figure 2), the visible/UV beam propagates onto an optical bench where a system of mirrors, beam splitters and lenses route the visible beam to diagnostic equipment [2]. The optical bench is encased in a HEPA-filter controlled atmosphere to preserve optical fidelity.

All in-alcove components receiving a primary strike of the SR beam are actively water-cooled with RF-interrupt MPS interlocks in the event of loss of water flow. If burn-through occurs upstream of mirror M0, the SR beam is still contained in-alcove and will not create personnel hazard outside ring walls. Downstream of mirror M0, the SR beam power is so low (<24 mW) such that no burn-through of beam line components (e.g., pipe, safety shutter, etc.) is possible [5]. 

It is important to note that a single full-aperture 7/16-inch thick lead safety shutter and 1/8”-thick lead-lined radiation box (see Figure 2) block all ionizing radiation before the beam propagates onto the optical bench where an operator may occupy. Access to the lead-lined radiation box is under administrative key control and standard SSRL hutch protection system (HPS) with dual-switch interlocks on the box cover electronically connected to the safety shutter. Any violation of the HPS interlock logic is a PPS violation that interrupts RF power to SPEAR3 ring. 

A BSOIC interlocked to the main SPEAR3 PPS system is located next to the SLM beam line safety shutter in the experimental laboratory.

III. Main Radiation Safety Issues 

There are three main radiation safety issues associated with operation of the SLM beamline:

1. Shielding for e- beam losses in the ring (both normal and abnormal conditions) and SLM beam line (abnormal condition), as well as shielding for gas bremsstrahlung (GB) and synchrotron radiation (SR).
2. Operation of the permanent magnet electron clearing system.
3. Operation of the safety shutter in conjunction with the lead-lined radiation box.

The SLM shielding design is fully 5-W (Allowed Injection Beam Power), 500-mA (stored beam) compliant to protect against SR, GB, normal electron beam loss, and all abnormal (mis-steering) scenarios [3].

The shielding design limit for the SLM system and surrounding environment outside the tunnel and on the SSRL experimental floor is 400 mrem/hr for mis-steering and 0.05 mrem/hr for normal beam losses [4].

A comprehensive radiation ray-trace review of all ionizing radiation hazards was performed by the Radiation Physics group at SLAC in September, 2005 [6].

The following 3 sections review each safety issue in terms of hazards and mitigation.

1) Ionizing Radiation Hazards & Mitigation [3,4] 
a)  Shower radiation from electron beam loss
Normal beam loss 

Operation of SPEAR3 can result in up to 2 mW average normal beam loss at each low-loss aperture in SPEAR3 ring chamber [7]. Normal beam loss hazard for SLM line is due to secondary radiation passing through the 6” diameter SLM beam line penetration in the ring concrete lateral wall. Auxiliary lead shielding for the SLM beam line penetration has been installed to mitigate the hazard. Specifically, 2’’-thick lead shielding has been installed to block the SLM transport line from rays emitted from any point in the SPEAR3 ring vacuum chamber. Radiation ray traces in Figures 33 and 36 of SSRL Engineering Note M408 identify the radiation emission pattern and shielding components that mitigate the hazard [3]. No shielding credit was taken for incidental hardware (beam pipes, valves, supports, etc).

Referring to Figure 1 of this report, lead Shield Walls 1, 2, 3, 4 and lead Stacks 5, 6, 7, as well as the upstream BL1 shield wall, all participate in the normal beam loss shielding scheme.

Abnormal beam loss 

Abnormal beam loss (mis-steer) conditions can result in up to 5 W injected electron beam loss at any point in the storage ring or in the SLM beam line. The mitigation for the former scenario is the same as those for normal beam losses in the SPEAR3 vacuum chamber. 

To mitigate the hazards from the abnormal beam losses in the SLM beam line, three electron beam clearing magnets (EC) were installed immediately downstream of the exit port in the SLM line. The EC concept was adopted from previous beam line protection systems used at SSRL: permanent magnets deflect stray electrons entering the SLM beam line downward onto three specific loss points. Shower radiation from these three loss points are in turn shielded with lead blocks along the SLM line [3,4]. The three electron beam loss points are identified in Figure 1 as Source #1, Source #2 and Source #3. Section 2 below discusses electron beam trajectories in the EC system. 

RP Note 02-01 contains the detailed shower calculations and dose rate analysis for these losses [4]. Ray trace studies for shower radiation propagating from the three source points to the BL1 hole in ratchet wall and SLM penetration in lateral wall, as well as the BL1 ratchet wall, have been studied in detail and are rigorously protected with robust shielding components [4]. A ½” lead-collar around the SLM beam pipe outside the lateral wall and a ½-inch Pb backing plate behind the lead-lined radiation box are also part of the shielding (see Figure 2). 

Table 1 lists the ray trace drawing number and enumerates the shielding solution for mis-steered injection electron beam loss at each source point along the SLM beam line. 

Table 1: Abnormal injection beam loss (mis-steer) points in the SLM beam line (S1-S3) with reference to radiation ray trace drawings and shielding solutions. Detail drawings of the lead shield wall and lead stacks are contained in SSRL-ENG-M408.

	Source
	Ray Trace Drawing
	Shielding Solution

	S1

(absorber)
	M408 

Figures 28,29,A39

and Appendix D

(as-built figures)
	ring magnet cores 

BL1 shielding 

lead stacks 1,2

	S2

(PM drift tube

and apertures)
	M408 

Figures 30,31,A40

and Appendix D

(as-built figures)
	BL1 collimator

lead stacks 2,3,4

lead shield wall 1,2,3

	S3

(1 m upstream of cold finger)
	M408 

Figures 23,33,34,A41

and Appendix D

(as-built figures)
	wall block 3

lead stacks 5,6

lead shield wall 4


b) Gas-bremsstrahlung 

The gas-bremsstrahlung radiation generated in the injection septum straight section can Compton-scatter off the in-alcove mirror substrate and propagate further down the SLM optical transport line. The FLUKA-calculation shows that the gas-bremsstrahlung dose rate at the exit port of the SLM transport line is less than 0.005 mrem/hr at 500 mA so no additional shielding is required [4]. 

c)  SR beam mis-steer 

In the event of a 300 micro-radian vertical mis-steer, the SR x-ray-beam can pass above or below the ‘cold finger’ and strike the M0 mirror. Although the rhodium surface of the M0 mirror does not pass the x-ray component, a fraction of the x-rays can Compton-scatter off the M0 mirror substrate and propagate down the optical transport line leading to dose levels up to 70 rem/hr (inside the beam pipe) further down the optical transport line [4]. 

The hazard is mitigated by the lead-lined radiation box in the experimental laboratory (Figure 2). Two near-normal incidence mirror reflections inside the radiation box reject the x-ray component and the 1/8’’ thick lead + 3/16’’ thick Fe of the radiation box are sufficient to reduce SR dose levels to less than 0.05 mrem/hr [4]. Although one reflection is likely sufficient, the two-bounce system was adopted for added safety. 

2) Electron Clearing Magnet System
In the event that injected electron beam enters the SLM beam line, a system of three permanent magnets deflects the beam down to 3 specific loss points. Beam ray trace studies (plan- and elevation view) for the deflected beam in the EC magnets are provided in Figures 22 & 23 in SSRL-ENG-M408 [3]. The magnet positions and strengths are such that the nominal (flat) electron beam is lost at Source #2 (Figure 1). The worst case is that electrons with the maximum vertical entrance angle will be deflected to the downstream face of a shielded aperture mask (Source #3).

The first EC magnet was newly built for SPEAR3 and the other two are existing magnets that were in service for SPEAR2. Documentation for magnetic measurements performed on the EC magnets at SLAC can be found at [8]. Long-range magnetic field degradation due to the in-tunnel radiation environment is expected to be in the range of only 1%, which will not affect the performance as an injection stopper. 

Annual verification of the magnet performance will be conducted as one of the ring BAS Pre-Running conditions.

In case of permanent magnet failure (plus the 4BD1 ring dipole nearly, but not completely off, and the beam vertically mis-steered past the cold-finger), the 5-W injected beam can hit the first optic M0 mirror. In this case, a dose rate of 4 rem/h is created at the exit port of the SLM transport line. 

An independent system performance verification review of the electron clearing magnet system was performed in September, 2005 [9,10]. The review found the design and implementation are technically correct.
3) Safety Shutter Interlock
Referring to Figure 2, the SLM transport line contains a full-coverage lead safety shutter (7/8” lead + 2” Cu), lead collimators, and a lead-lined radiation box. Access to the radiation box requires lockdown of the shutter in the closed position. 

The interlock system consists of redundant electronic switches on the lid of the radiation box and on the shutter slide mechanism. The interlock electronics consist of a standard SSRL hutch protection chassis (HPS) (see Figure 3). Any interlock logic violation interrupts RF power to SPEAR3 ring.

The main steps of SLM radiation box lock-out procedure are:

1. Lock down SLM safety shutter with SSRL master safety key by Safety Officer.

2. Turn off the He flow to SLM radiation box.

3. Remove locks from lid of SLM radiation box (SSRL master key).

4. Remove ~10 ea bolts from lid of SLM radiation box.

5. Document lock-down in SLM beam line log book.

To re-commission radiation box, reverse procedure steps 1-4 with confirmation check before opening safety shutter to ensure proper He flow and RF permit. Document actions taken.
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Figure 1: Plan view of SLM beam line with in-alcove shielding (M408, figure A-38?? Not exactly the same)
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Figure 2: Plan view of experimental laboratory with shielding (M408, figure 37)
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Figure 3: Electron clearing magnet system. The ‘nominal’ path associated with loss at Source point #2 in the EC magnet pipe leading up to and including the Beam Loss Mask. Worst-case rays are lost at Source point #3 leading up to and including the final aperture mask located at the cold finger (Figure 1).
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Figure 4: Schematic of SLM safety shutter interlock system.

V. In-situ shielding photographs
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Plan View: SLM Shielding





M408, Figure 38
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